.
Introduction
e lacrimal function unit (LFU) is composed of ocular surface (cornea, conjunctiva, and meibomian glands), lacrimal gland, and a neural network that connects them. It protects lipid, aqueous, and mucin layers of tear film and maintains normal function of ocular surface [1] . If any component of the LFU was damaged, it could lead to reduced tear production, abnormalities in blinking, and changes in tear film composition [2] . e individuals with long-standing hyperglycemia are at an increased risk of developing LFU dysfunction. Clinical studies have demonstrated that diabetic patients were more susceptible to ocular surface disorders than healthy subjects. For instance, keratoepitheliopathy was evident [3] [4] [5] [6] [7] ; corneal sensitivity [7] [8] [9] [10] [11] , quantity, and quality of tear secretion [3, 7, [11] [12] [13] [14] were reduced in diabetic patients; moreover, the alterations in tear composition [15] [16] [17] [18] were also detected in the diabetics. However, the factors contributing to the LFU dysfunction are not clear, and they might include the patient's general condition such as age and gender [5, [19] [20] [21] , metabolic control [3, 12, 22, 23] , duration of diabetes [20, 21] , and occurrence of diabetic microvascular complications [5, 8, 22, 23] .
e diabetic duration is considered one of the most important risk factors for retinopathy [21, 24, 25 ], yet its role in the LFU dysfunction remains controversial. Several studies reported no relationship between duration of diabetes and tear functions [3, 12, 13, 22, 23] ; whereas others indicated higher prevalence of dry eye syndrome in the patients with longer duration of diabetes [21] ; further, a correlation was found between diabetic duration and deterioration of ocular surface clinical parameters [20] .
erefore, this study sought to examine and compare the clinical parameters of ocular surface in the diabetic patients divided into 3 subgroups according to duration of the disease. e correlation between the diabetic duration and clinical ocular surface parameters was also assessed.
Materials and Methods

Patients.
One hundred eight-two eyes of 91 patients with Type II diabetes (diabetic group) and 102 eyes of 51 normal individuals (control group) were enrolled in the current study at Tianjin Medical University Eye Hospital (Tianjin, China) between July and September in 2017. Due to the relatively small number of middle-aged and young people suffering from Type II diabetes and the fact that the duration of diabetes in the middle-aged and young diabetic patients is usually not long enough to reflect the influence of the disease duration on ocular surface functions, the diabetic patients with an average age of 65.43 ± 6.31 y (range 55 to 80 y) were recruited, matching the control group (average age 64.35 ± 5.66 y). Moreover, the diabetic patients should have dry eye symptoms (SPEED ≥ 1), should not resort to ocular medication or surgery within the past 3 m, and should be without ocular injury and diseases including infection, allergy, glaucoma, and autoimmune diseases, and with no history of systemic diseases or administration of systemic medications, such as sex hormone replacement, parasympathomimetics, and parasympatholytics, that may affect tear production or quality. Diabetes was confirmed in all patients by the Department of Internal Medicine; glycosylated hemoglobin levels in these patients were less than 7.8%. e diabetics were further divided into 3 subgroups according to the disease duration: duration <10 y group, duration 10 to 20 y group, and duration ≥21 y group. Retinal status was evaluated by indirect ophthalmoscopy exam and fluorescein angiography, and no PDR was detected in the patients according to the early treatment diabetic retinopathy study criteria [26] .
Written informed consent was obtained from all the participants enrolled in this study after a thorough explanation of the study objective and methods. All procedures of this study were approved by the ethical committee in Tianjin Medical University Eye Hospital (Ethical no.: 2017KY (L)-18) and in accordance with the tenets of the Declaration of Helsinki. is study was registered at Chinese Clinical Trial Registry (registration number: ChiCTR-ROC-17011707).
2.2.
Questionnaire. All patients were required to fill out a questionnaire (standard patient evaluation of eye dryness (SPEED)) [27] for assessing ocular surface symptoms prior to routine ophthalmic examinations.
e scores on the questionnaire ranged from 0 to 28 according to the severity of patients' symptoms.
e symptoms included dryness, grittiness or scratchiness, soreness or irritation, burning or watering, and eye fatigue. e frequency of the symptoms was graded as never (0), sometimes (1), often (2) , and constantly (3) . e subjective sensation of the symptoms was categorized as no problems (0), tolerable (1), uncomfortable (2), bothersome (3), and intolerable (4).
Lipid Layer ickness and Blink Assessment.
e LipiView interferometer (TearScience Inc., Morrisville, NC) was used to capture a 20 s video of interference pattern of the subject's tear film. In addition to counting the subject's total and partial blinks, the interferometer converts the specific interference colors into the values of lipid layer thickness (LLT) [28, 29] .
Tear Meniscus Height, Noninvasive Tear Break-Up Time, and Meibography.
e Keratograph 5M (Oculus GmbH, Wetzlar, Germany) equipped with a modified tear filmscanning function was used to measure tear meniscus height (TMH) by capturing the lower tear film meniscus images and detect noninvasive tear film break-up time (NI-BUT) as described previously [30] . Furthermore, the subject's upper and lower eyelids were everted, and the highcontrast image of meibomian glands (MGs) was acquired under an infrared meibography model [31] .
e MG dropout area was quantified by a meiboscore (grade 0, no dropout; grade 1, <33% dropout; grade 2, 33 to 67% dropout; and grade 3, >67% dropout), and the scores from upper and lower eyelids were added (total meiboscore, range 0∼6) to reflect MG dropout of the eye [32] .
Superficial Punctate Keratopathy Score.
e severity of corneal surface damage was evaluated by staining the cornea with fluorescein; both the staining area and staining density were scored from 0 to 3 as described previously [4, 33] . e specific criteria are listed in Table 1 . e product of both scores was calculated, termed superficial punctuate keratopathy (SPK), and used as an index for the damage of corneal surface.
Corneal Sensitivity.
A Cochet-Bonnet aesthesiometer was used to examine corneal sensitivity as described elsewhere [34] . e tip of a fully extended nylon filament was applied to the central cornea at a perpendicular angle, and the thread length was recorded when the subject felt its presence.
Schirmer I Test.
Total tear secretion was measured without anesthesia by placing a standardized Schirmer strip into accus conjunctivae at lateral 1/3 of lower lid for 5 min with eyes closed gently, and then the length of the wet strip was recorded.
Statistical Analysis.
Statistical analyses were performed using Statistical Program for Social Sciences 20.0 (IBM SPSS Inc., New York, NY, USA). All data were expressed as mean ± SEM. e data were examined using the D'Agostino and Pearson omnibus normality test.
e data with a Gaussian distribution were further examined by the Levene test to confirm homogeneity of variance. e differences among the diabetic duration subgroups and the healthy controls were analyzed by one-way ANOVA followed by a Tukey post hoc. For the data with nonparametric distribution, the differences among groups were analyzed by the Kruskal-Wallis test followed by Dunn's post hoc. e associations between the parameters were analyzed by Spearman's correlation analysis. A P value less than 0.05 was considered statistically significant.
Results
General Condition.
e gender (χ 2 � 1.015, P � 0.314) and age (t � −1.428, P � 0.154) did not differ significantly between the diabetes and control groups ( Table 2) . Moreover, no significant difference was found in gender (χ 2 � 3.854, P � 0.278), age (F � 0.881, P � 0.452) or percentage of HbA1c (F � 1.158, P � 0.316) among the patients subgrouped according to the diabetic duration and the control group (Table 2 ). e prevalence of DR in total diabetic patients was 70.9%. e DR incidence was 25% in the patients with diabetes less than 10 y, 85.9% in those with diabetes 10-20 y, and 100% in those with the disease for more than 21 y, suggesting a significantly increased DR incidence as the diabetic duration prolongs (χ 2 � 87.084, P ≤ 0.001; Table 2 ).
Comparison of Ocular Surface Parameters between Diabetics and Healthy Controls.
ere were no significant differences in blink frequency, NI-BUT, and TMH values between the diabetes and control groups (Table 3, Figure 1 ).
e SPEED score (Z � −3.600, P ≤ 0.001) (Figure 1 
Comparison for Ocular Surface Parameters among the Diabetic Duration Subgroups and Control Group.
e SPEED score (H � 16.630, P � 0.001), Schirmer I test result (H � 14.164, P � 0.003), corneal sensitivity (F � 11.344, P ≤ 0.001), meiboscore (F � 4.950, P � 0.002), and blink rate (H � 10.232, P � 0.017) were significantly different among the diabetic subgroups and the healthy control group (Table 3, Figure 2 ). Other parameters, such as SPK score, NI-BUT, TMH, and LLT values, did not exhibit significant differences among these groups (Table 3, Figure 2 ). e SPEED score (Figure 2(a) ) in the control group was significantly lower than those in the subgroups with diabetic duration <10 y (Z � −3.912, P ≤ 0.001) and 10 to 20 y (Z � −2.510, P � 0.012).
e meiboscore was significantly higher in the subgroups with diabetic duration <10 y (t � −2.166, P � 0.033), duration 10 to 20 y (t � −3.675, P ≤ 0.001), and duration ≥21 y (t � −2.481, P � 0.015) than that in the healthy controls (Figure 2(c) ). e LLT value in the diabetic subgroup with duration ≥21 y was significantly reduced as compared with the controls (t � −2.949, P � 0.004, Figure 2(d) ). e value of the Schirmer I test in the control group was significantly higher than those in the subgroups with diabetic duration 10 to 20 y (Z � −2.773, P � 0.006) and duration ≥21 y (Z � −2.053, P � 0.040, Figure 2 (e)). Also, the subgroup with diabetic duration <10 y showed a higher Schirmer I test value than those in the subgroups with duration 10 to 20 y (Z � −3.000, P � 0.003) and duration ≥21 y (Z � −2.674, P � 0.007, Figure 2 (e)). As for corneal sensitivity, the recorded length of nylon filament in the control group was significantly longer, indicative of higher corneal sensitivity, than those in the subgroups with duration 10 to 20 y (t � 2.716, P � 0.007) and ≥21 y (t � 4.640, P ≤ 0.001). Moreover, corneal sensitivity in the subgroup with duration ≥21 y was significantly deteriorated as compared to the subgroups with duration <10 y (t � 3.605, P � 0.001) and duration 10 to 20 y (t � 2.640, P � 0.010) (Figure 2(g) ). e SPK score was significantly increased in the subgroup with duration <10 y as compared with healthy controls (Z � −2.463, P � 0.014), indicating the diabetesinduced damage on ocular surface (Figure 2(h) ). e diabetic subgroup with duration of 10 to 20 y had greater blink frequency than the healthy control group (Z � −3.044, P � 0.002), the diabetic subgroups with the duration <10 y (Z � −2.127, P � 0.033), and duration ≥21 y (Z � −2.203, P � 0.027) (Figure 2(i) ).
Correlations of the Ocular Surface Parameters in Diabetic
Groups. In the diabetic patients, the score of SPEED was positively correlated with the SPK score (r � 0.300, P ≤ 0.001) and blink rate (r � 0.146, P � 0.050) and negatively correlated with TMH (r � −0.151, P � 0.042) and LLT values (r � −0.286, P ≤ 0.001) (Figure 3 ). In addition, corneal sensitivity was positively correlated with the meiboscore (r � 0.153, P � 0.040) and barely correlated with the SPEED score (r � 0.144, P � 0.052) (Figure 3 ).
ere were also positive correlations between NI-BUT and TMH (r � 0.167, P � 0.024) as well as between NI-BUT and LLT values (r � 0.160, P � 0.031) (Figure 3 ). On the other hand, negative correlations were found between NI-BUT and blink frequency (r � −0.193, P � 0.009), between TMH and SPK score (r � −0.165, P � 0.026), as well as between the Schirmer I test value and SPK score (r � −0.195, P � 0.008) (Figure 3 ). 
Correlations between Ocular Surface Parameters and
Duration of Diabetes. In the total diabetic group, the Schirmer I test (r � −0.268, P ≤ 0.001), corneal sensitivity (r � −0.336, P ≤ 0.001), and SPEED score (r � −0.171, P � 0.021) exhibited negative correlations with duration of diabetes ( Figure 4 ).
Discussion
Diabetes mellitus is a systemic disease characterized by chronic hyperglycemia and dysregulated metabolism and may lead to LFU dysfunctions through different mechanisms. Patients with diabetes have demonstrated structural, metabolic, and functional abnormalities in the cornea and conjunctiva, which subsequently increase the risk of developing diabetic complications in ocular surface [3-6, 12, 23] . It has been proposed that as the duration of diabetes increases, the risk of developing proliferative diabetic retinopathy [24, 25] and diabetic neuropathy [8] [9] [10] [11] increases dramatically; therefore, we would expect the ocular surface parameters measured in this study to become significantly exacerbated as diabetes persists. However, this is not necessarily true based on our results, as varying degrees of deterioration in the LFU, including tear film, ocular surface function, and corneal sensation, were detected in the patients afflicted by diabetes for different periods time (Figure 2 , Table 3 ). e duration of diabetes was only negatively correlated with the SPEED score, Schirmer I test, and corneal sensitivity in the diabetes group ( Figure 4 , Table 3 ).
Apart from the diabetic subgroup with the disease duration ≥21 y, we found that the SPEED scores in other diabetes subgroups were significantly greater than the healthy controls (Figure 1(a) ). Further, the SPEED score exhibits a trendy correlation with the corneal sensitivity ( Figure 3 ) and a significant negative correlation with the diabetic duration (Figure 4(a) ). ese results suggest that subjective symptoms became exacerbated in early diabetic patients and then attenuated as the disease persisted; this may be due to the blunted corneal sensitivity caused by peripheral neuropathy during long-term diabetes.
Abnormalities in the quantity and quality in tear secretion have been reported in diabetes, but the results remain controversial. In contrast to the results of other studies, the data in this study showed that the difference in NI-BUT did not reach a statistical significance between diabetes and control group (Figure 1(b) ). is was probably because the distinct apparatus and calculation method were used to measure the tear film BUT in the current study; the difference between the diabetics and normal controls might become less dramatic [28] . However, the NI-BUT in this study did exhibit a trendy decrease as diabetes persisted (Figure 2(b Note. SPEED, standard patient evaluation of eye dryness; LLT, lipid layer thickness; NI-BUT, noninvasive tear film break-up time; TMH, tear meniscus height; meiboscore, total percentage of meibomian gland dropout area in upper and lowers eyelids; SPK score, superficial punctate keratopathy score; sensitivity, corneal sensitivity; Schirmer, Schirmer I test (total tear secretion). , and SPK score (h) were significantly different between the diabetic and the healthy control group. e differences in NI-BUT (b), TMH (f ), and blinks (i) did not reach statistical significance between the diabetic and control groups ( * P < 0.05, * * P < 0.01, and * * * P ≤ 0.001).
Journal of Ophthalmology 5 * * * * * Meibo score * * * * * Journal of Ophthalmologye MGs are large sebaceous glands that are innervated by parasympathetic fibers [35] and produce meibum, a major source of lipid in the tear film [36] . It is generally accepted that diabetic patients are more susceptible to neuropathy [10, 23] , as well as blepharitis and recurrent styes resulting from infected sebaceous glands [37, 38] . Indeed, we found, in the current study, that the MG dropout is more severe in all the diabetic groups than the healthy controls (Figure 2(c) ) and a positive correlation between MG dropout and corneal sensitivity (Figure 3) . Furthermore, the LLT in diabetics was significantly deceased when compared to the controls (Figure 1(d) ). Whereas a compromised lipid layer could, in turn, cause excessive evaporation of tear film [39] .
erefore, we speculate that diabetic neuropathy, repeated infection and inflammation, might contribute to obstruction in MG orifices, MG atrophy, and dropout in the patients with a long history of diabetes.
Besides the tear film instability and excessive evaporation, the diminished tear secretion was also observed in diabetic patients [3, 7, [12] [13] [14] 19] . Such reduced tear secretion has been considered to be caused by the decreased reflex tear secretion, which is positively correlated to corneal sensation [8, 14] . In our study, the decreased total tear secretion was observed in all diabetes groups, particularly in the subgroups with duration 10 to 20 y and duration ≥21 y when compared to the controls (Figure 2(e) ). Moreover, we also found decreased corneal sensitivity in these two diabetic subgroups and a trendy positive correlation between total * * * * Blinks (times) In the pie graphs, the clockwise direction indicates a positive correlation and counterclockwise direction a negative correlation. For the numbers on the left of the pie graph, the upper one indicates the correlation coefficient and the lower one the P value (SPEED, standard patient evaluation of eye dryness; LLT, lipid layer thickness; NI-BUT, noninvasive tear film break-up time; TMH, tear meniscus height; MS, total percentage of meibomian gland dropout area in upper and lowers eyelids; SPK, superficial punctate keratopathy score; CS, corneal sensitivity; SIT, Schirmer I Test (total tear secretion)). tear secretion and corneal sensitivity (Figure 3) . Furthermore, the total tear secretion is negatively correlated with the duration of diabetes (Figure 4(b) ). ese results suggest that the reduced total tear secretion may be caused, at least in part, by the impaired reflex tear secretion during long-term diabetes.
Diabetic neuropathy is one of the most common longterm complications of diabetes. As revealed by our result and previous studies [3, 7, [9] [10] [11] [12] 19] , diabetic patients have decreased corneal sensitivity. Furthermore, our finding revealed the significantly decreased corneal sensitivity in the diabetic subgroups with duration 10 to 20 y and duration ≥21 y as compared with controls (Figure 2(g) ), suggesting that the symptoms of diabetic neuropathy often occur after 10 y of the disease onset. In addition, the negative correlation between the duration of diabetes and corneal sensitivity (Figure 4(c) ) suggests that long-term hyperglycemia and metabolic syndrome in diabetes may deteriorate corneal sensation. As mentioned above, the deteriorated corneal sensitivity in diabetes leads to declined reflex tear secretion [8] . Moreover, the neurodegeneration in conjunctiva may result in abnormal secretion of mucin proteins from goblet cells, further compromising the quality and stability of tear film [40] . irdly, diabetic peripheral neuropathy in ocular surface can cause malnutrition and metabolic abnormalities in cornea, which consequently induces refractory corneal epithelial ulcer and erosion [41] . ese factors may form a vicious cycle, exacerbating LFU dysfunction and ocular surface damage as diabetes persists.
Blinking plays an important role in maintaining the stability of tear film and is related to psychological and/or several systemic diseases [4, 20, 42] . In this study, we observed the increased blinking frequencies in all diabetes groups, but only the subgroup with diabetic duration of 10 to 20 y reached statistical significance as compared to the healthy controls (Figure 2(i) ). is result was surprising, as one would expect the diabetics to have reduced blinking frequency as a result of the impaired corneal sensation. However, the ocular surface conditions in early diabetes, such as the reduced tear secretion, the unstable tear film caused by disruption in the lipid layer and paucity of mucin proteins, as well as the sterile or nonsterile inflammation, may still boost blinking frequency via the blunted corneal sensation as a compensatory mechanism [42] [43] [44] . When diabetes persists for more than 20 y, the corneal sensitivity is so severely damaged by a long-term neuropathy that it cannot elicit blinks in response to the unfavorable conditions, and the blinking frequency hence fell down in these groups of diabetic patients. Figure 4 : Correlations between ocular surface parameters and duration of diabetes. In the total diabetic group, the SPEED score (a), Schirmer I test (b), and corneal sensitivity (c) were negatively correlated with duration of diabetes.
In conclusion, our study demonstrates the importance of stratifying diabetic patients based on the disease duration, which has been ignored in the previous studies on ocular surface dysfunctions in the diabetics. In addition, our results show that there are significant differences in multiple ocular parameters among the subgroups with different diabetic durations, thereby indicating that long-term hyperglycemia and dysregulated metabolism may lead to exacerbating tear film abnormalities and ocular surface disorders.
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